Objective: Speckle tracking echocardiography (STE) may be a useful modality for assessing ventricular performance in patients with single ventricle physiology. However, STE's ability to accurately assess ventricular performance in this population is unknown. The objective of this study was to perform a preliminary comparison of STE measures of myocardial deformation to reference standard measures of function derived from pressure-volume loop (PVL) analysis.
| INTRODUCTION
Abnormal ventricular function is a predictor of morbidity and mortality in patients with single ventricle physiology. 1 However, applying conventional echocardiographic measurements of ventricular function, such as ejection fraction, in patients with single ventricle physiology can be difficult given their variable and unique ventricular geometry. [2] [3] [4] [5] Frequently, clinicians must rely on their subjective assessment of function, which suffers from poor observer variability. Cardiologists are left with the daunting challenge of managing a population at high risk for heart failure without validated, objective echocardiographic indices of cardiac function.
Speckle tracking echocardiography (STE) is an attractive modality
for quantifying function in the single ventricle population. It is not reliant on ventricular geometry compared to ejection fraction. It is less reliant on angle of insonation and a high frame rate compared with tissue Doppler. 6 Compared to cardiac magnetic resonance imaging, it is easily obtainable. In addition, STE has been found to be more sensitive than ejection fraction and fractional shortening in detecting abnormal left ventricular (LV) systolic function in patients with biventricular anatomy who have suffered a myocardial infarction, anthracycline toxicity, and dilated cardiomyopathy. [7] [8] [9] Despite its strengths, barriers still exist to using STE in clinical practice when evaluating single ventricle patients. First, because STE is geometry independent, it can evaluate deformation in a number of 
| METHODS
This was a secondary analysis of a single-center prospective crosssectional study investigating the effects of a single dose of sildenafil vs placebo on PVL measures of ventricular function in patients with Fontan physiology. The methods for patient enrollment, study drug administration, and catheterization protocol were reported previously and are summarized below. 10 In addition, for this study, we retrospectively analyzed clinically indicated echocardiograms acquired near the time of catheterization and compared the results to measures of ventricular function derived from PVL analysis. In the previous study, there were no differences in PVL measures of ventricular function between the sildenafil vs placebo groups. Therefore, the groups were combined for this analysis. 
| Patients

| Study catheterization and PVL analysis protocol
All patients had general anesthesia per institutional protocol. Microconductance data were recorded at a sampling rate of 250 Hz.
Invasive data were gathered using standard equipment approved for use in human subjects (INCA intracardiac analyzer; CD Leycom).
Pressure-volume loop analysis was performed off line by a blinded reviewer (RB) using specialized software (LabScribe2, iWorx, Dover, NH, USA).
End-systolic elastance (Ees), a measure of contractility, was derived from PVL analysis using a single-beat estimation as described by Shishido et al. 11 to avoid the risks associated with load alterations.
Arterial elastance (Ea), a measure of afterload, was calculated as endsystolic pressure divided by stroke volume. 12 Ventricular-arterial (VA)
coupling, an important determinant of global pump function, was calculated as the ratio of Ea to Ees. Ees and Ea were indexed to body surface area to account for differences in body size between patients.
To assess diastolic function, we calculated the isovolumic relaxation time constant (tau) to evaluate early active ventricular relaxation using the method of Weiss. 
| Echocardiographic analysis
Echocardiograms were analyzed if they occurred within 1 month of catheterization. Echocardiograms were obtained using a Philips iE33 system (Andover, MA, USA) then stored in DICOM format at a frame rate of 30 fps on the clinical server. These studies were retrieved to perform two-dimensional speckle tracking echocardiography offline using vendor independent software (Tomtec Cardiac Performance Analysis v3.0). Six segments from the apical four-chamber view were averaged to measure global longitudinal strain, strain rate, and early diastolic strain rate (EDSR). Six segments from the parasternal shortaxis view at the mid-ventricular level were averaged to obtain global circumferential strain, strain rate, and EDSR. Radial strain was not used in this analysis due to its high measurement variability.
14 If the myocardium was not visualized well, the specific segments were excluded.
Strain measures were excluded if more than two cardiac segments were excluded from the analysis due to poor tracking. Figure 3 ) and strain rate (r=.61, P=.047; Figure 4 ) but not with longitudinal strain or strain rate. Tau did not correlate with longitudinal or circumferential EDSR in RV-dominant patients.
| Statistics
| RESULTS
Of
| Correlations between echocardiographic and PVL measures: RV-dominant group
| Correlations between echocardiographic and PVL measures: LV-dominant group
There was no statistically significant association between Ees and longitudinal strain (r=−.65, P=.23). However, Ees did correlate strongly with longitudinal strain rate in patients with LV-dominant morphology (−.98, P<.01; Figure 5 ). There were no correlations between Ees and circumferential strain or strain rate. Ea/Ees did not correlate with longitudinal or circumferential strain or strain rate in LV-dominant patients. Tau correlated strongly with longitudinal EDSR (r=−.90, P=.04; Figure 6 ) but not with circumferential EDSR. This adaptation appears to occur relatively early in life in the single RV and has been hypothesized as a boon to overall ventricular function in these patients. 19 The transition is likely complete by the time of the Limitations of our study include that it was a small heterogenous sample. In particular, we had a small number of single LVs. As such, this was a preliminary study that showed potentially important data, but a larger sample size would be necessary for validation. In addition, due to the studies retrospective nature, the time from PVL acquisition during catheterization to echo varied, with impacts from sedation and time from catheterization likely playing some role in the correlations seen. Finally, the STE images were analyzed in DICOM format with a limited frame rate from the clinical server at 30 frames per second, likely leading to an underestimation of strain rates. 21 
| DISCUSSION
| CONCLUSIONS
In this preliminary report, we found speckle tracking echocardio- 
